ABSTRACT
Mapping, monitoring, management and conservation of biological resources have attracted major attention in the recent years, as depleting biodiversity, unlike any other environmental threat, is irreversible. Myers et al. (2000) had identified 25 biodiversity hotspots from all over the globe, which need immediate attention with the view of biodiversity conservation. The Western Ghats of India is one of the hottest hotspots, however, its biodiversity is under threat due to deforestation (Myers, 1990) . Thus, to assess and measure the biological diversity in Western Ghats so as to design and implement potent conservation strategies, Western Ghats Biodiversity Network (WGBN) organised a programme of sampling species level diversity in a number of taxonomic orders in 25 different localities distributed over the length of Western Ghats (Gadgil, 1996) . The current study is a part of the same programme.
As it is impractical to monitor each and every taxon, some of the key or focal taxa play a vital role in biodiversity monitoring studies. Butterflies are an excellent choice in this respect (Kunte et al., 1999) . They are common almost everywhere, attractive and easy to observe. Many species, both common and rare, can be reliably identified in the field, without killing the individuals, with the help of available field guides. As many species are strictly seasonal and prefer only particular set of habitats (Kunte, 1997) , they are good indicators of habitat quality (Kocher & Williams, 2000) . Butterflies and their caterpillars are dependent on specific host plants for foliage, nectar and pollen as their food. Thus, butterfly diversity indirectly reflects overall plant diversity, especially that of herbs and shrubs, in the given area. Change in land use pattern leads to landscape changes that can reflect change in butterfly diversity and distribution. In the Western Ghats, such changes in landscape are taking place at a large scale (Jha et al., 2000) . Hence, this type of study is essential in conservation and management of the Western Ghats biodiversity.
Efforts in monitoring butterfly diversity in the Western Ghats have increased recently with several studies published recently (Ambrose & Raj, 2005; Arun, 2003; Babjan & Archana, 1999; Baskaran & Solaiappa, 2002; Bhalodia et al., 2002; Borkar & Komarpant, 2004; Eswaran & Pramod, 2005; Gunathilagaraj et al., 1997; Kunte, 1997 Kunte, , 2001 Nair, 2002 Nair, , 2003 Radhakrishnan, 2000) . However, most of these studies are qualitative which gives checklist, seasonality and relative abundance based on presence/absence data. We have, therefore, conducted the surveys to know the butterfly diversity in this locality by using quantitative techniques. The data were analysed to understand the α-and β-diversity across the six seasons and five different landscape elements (LSE). We have also studied seasonal distribution-and LSE-wise and abundance patterns in the butterfly community of this area. This was ultimately to understand the conservation priorities in the northern parts of Western Ghats. Tamhini (18   0   27'E & 73   0 25'N) is a small village in Maharashtra situated in the northern Western Ghats. The average altitude of the village and its surrounding area is 600m, while the surrounding hilltops have altitude ranging from 850 to 1050m. The 25km 2 area that we monitored totally, included four other small villages namely Nivewadi, Sarole, Dhangarwadi, and Dongarwadi. Some part of the study area, especially around the villages, is private farmland. Some mountain slopes bear reserved forests of the forest department of Maharashtra. Climatic conditions of this area are typically tropical. The dense forest areas are humid throughout the year where the relative humidity ranges between 70% in summer to almost 100% in monsoon. The annual rainfall is from 5500 to 6500mm. 
STUDY SITE

METHODOLOGY
Data collection
Five line transects were set up, which were approximately 500m long and 10m wide, passing through the five landscape element types. The transect lines were walked at a constant pace for for approximately half an hour. Transects were walked from 0730 to 1100hr, when butterflies are most active. Transects were walked every month from October 1998 to September 2000. Butterflies were identified in the field with the help of field guides (Gunathilagaraj et al., 1998; Kunte, 2000) . Specimen collection was strictly avoided. This may have resulted in minor error in field identification of some of the small sized species. For the interpretation of collected data the year was divided into six seasons as per Kunte (1997) . These seasons are (i) Spring -February and March; (ii) Summer -April and May; (iii) Early monsoon -June and July; (iv) Late monsoon -August and September; (v) Early winter -October and November and (vi) Late winter -December and January. Furthermore, each transect line was also categorised in one of the five landscape elements, viz. evergreen forest (LSE 1); ragi shift cultivation (scrubland subjected to slash and burn activity) (LSE 2); riparian (LSE 3); grassland (LSE 4) and paddy fields with human habitation (LSE 5). The population fluctuation in butterfly species across seasons and across landscape elements was studied by preparing simple matrix with species in column and season or landscape elements in row (Appendix I). The taxonomic status of butterflies is adapted from Kunte (2000) .
Statistical analysis
In order to estimate total number of species that could be present in the study area, we constructed species individual curves using data gathered through transects. Cumulative number of species recorded was plotted against the number of individuals seen. We fitted Michaelis -Menten equation, given by S = S max N / (K m + N) where, S is the cumulative number of species, N is the number of individuals, S max is the maximum number of species that could be present and K m is the Michaelis-Menten constant (Paranjape & Gore, 1997 ).
Margalef's species richness index was used to compare species richness across seasons and across landscape elements. The index is calculated using the equation R = (S-1) / ln N, where S is the number of species, N is the total number of individuals (Magurran, 1988) .
The α-diversity of butterfly species across seasons and across landscape element was calculated using Shannon index of diversity given by the equation, H' = Σpi (ln pi), where, pi = ni/ N; ni is the number of individuals of i th species and N = Σni (Magurran, 1988) .
To calculate whether species are distributed evenly across seasons and across landscape elements, evenness index was used which is given by the equation, E = H'/ln S (Magurran, 1988) .
The β-diversity, which represents unshared species, was measured by finding similarity or overlap between butterfly species composition across seasons and across LSE types. Both qualitative data (presence or absence of species) and quantitative data (presence or absence of species along with the number of individuals belonging to each species) were used to calculate percent similarity, using Bray Curtis similarity index (McAleece, 1998) . Dendrograms were prepared to understand seasonal and LSE wise trends.
RESULTS
During the transect sampling, we recorded a total of 58 species as compared with 331 species of butterflies recorded from entire Western Ghats (Gaonkar, 1996) . Out of these 58 species, 56 belong to 43 genera and five families (Table 1) while two species were unidentified. Visual search revealed 11 species outside transect areas (Table 2) . Therefore, a total of 69 identifiable butterfly species were recorded from this area during the study.
From model fitted to species accumulation curve ( Fig. 1 ), S max estimate suggests that there could be at least 65 species in the study area. This estimate is close to our record of 69 butterfly species from this area. The percentage abundance of each species within the transects is given in Table 1 . The species abundance curve (Fig. 2) shows a log series distribution where the number of rare species (Frequency of occurrence < 8) is more (70%) and the number of abundant species (Frequency of occurrence > 8) is less (30%). This indicates an uneven species distribution.
Seasonal distribution
Number of species, number of unique species, number of individuals, richness index, Shannon index and evenness index for six seasons is given in Table 3 . The maximum number of species as well as maximum number of individuals was recorded in early winter. Species unique to particular season were maximum in early winter and summer. The species richness index shows high values in early winter and summer. Similar trend was observed for Shannon diversity index. The evenness index of species distribution was maximum in summer and minimum in late monsoon.
Cluster analysis of species composition in various seasons done from qualitative data ( Fig. 3A ) and quantitative data ( Table 4 gives the number of species, number of unique species, number of individuals, richness index, Shannon index and evenness index for five landscape elements. The maximum species were recorded in LSE 5 followed by LSE 2. While maximum number of individuals were recorded in LSE 5 followed by LSE 1. LSE 5 showed maximum number of unique species. Maximum species richness and Shannon diversity index was seen in LSE 5 and LSE 2. However, evenness index is high in LSE 3. The similarity between butterfly species composition in the five landscape elements calculated from both qualitative data ( Fig. 4A ) and quantitative data ( Fig. 4B) is given in the form of dendrograms. The overlap between both qualitative and quantitative data shows distinct patterns in the form of different clades. The overlap between different LSE types as predicted by quantitative data is lesser than that predicted by qualitative data.
Landscape element wise distribution
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DISCUSSION
As compared to the checklist of 72 species of butterflies from the same study area (Rane & Ranade, 2004) , we could observe 69 species during our study. However, we could not observe 10 species recorded by them, but recorded seven additional species during our survey. Malabar Rose recorded by Rane and Ranade (2004) is found only in the southern and central region of the Western Ghats (between 8 0 N-15 0 N latitude) and has not been recorded from northern Western Ghats (Kunte, 2000) . Furthermore, occurrence of Blue Nawab and Sulphur, as noted by Rane and Ranade (2004) is doubtful (K. Kunte, pers. comm.) . Nonetheless, species recorded in our study as well as in the study by Rane and Ranade (2004) could be an underestimate of the total number of species. In fact, our model prediction of at least 65 species (Fig. 1) could also be an underestimate, as below a sample size of 1000 individuals the estimate of species richness can be less than 25% of the true number (Paranjape & Gore, 1997) .
The species abundance curve shows uneven distribution of butterfly species with few species being abundant and many species being rare (Fig. 2) . This also explains the low evenness index in this area that ranges from as low as 0.70 to the maximum 0.90 (Tables 3 & 4) . The log series may arise as a reflection of a situation where one or a few factors dominate the ecology of a community (Magurran, 1988) . Therefore, it is relevant from the species abundance curve (Fig. 2) that, in our study area there could be only a few factors influencing the ecology of butterfly community. The most abundant species in the study area was Gram Blue followed by Common Four Ring (Table 1) .
The seasonal distribution pattern showed two peaks of species richness and Shannon diversity index, one in summer and the other in early winter (Table 1 ). This pattern is consistent with that of Wynter-Blyth (1957) . However, in four tropical habitats from northern Western Ghats, Kunte (1997) showed that there was no evidence of a peak in summer instead there was first peak in late monsoon and second in winter. This difference could be attributed to several factors. Three out of four study areas of Kunte (1997) are in the immediate outskirts of the Pune city and are under high influence of human interference, which was relatively less in our area. Furthermore, Kunte (1997) reported forest fires (artificial and natural) in summer in two of the study areas. Such forest fires severely affect butterfly populations (Kunte, 2001 ). In our study area forest fires were almost absent. Interestingly, in southern Western Ghats, Arun (2003) observed that the butterflies were more abundant in August (late monsoon); the data reveals that the species richness was more in October, November, December and February (early and late winter and spring).
Landscape element wise distribution pattern of butterflies showed high species richness and Shannon diversity in LSE 2, which comprise of ragi shift cultivation -scrubland subjected to slash and burn activity and LSE 5, which comprise of human habitation, paddy fields and scrubland. While, there was less richness and diversity in LSE 1, LSE 3 and LSE 4, which comprise of evergreen forest, stream bank and grassland. This indicates that there was more richness and diversity in the disturbed rather than undisturbed habitats (Tables 1 & 3) . This pattern contradicts with that of Kocher & Williams (2000) and Kunte et al. (1999) , however, it is consistent with that of Ramos (2000) who reported high diversity of Nymphalid butterflies at the edge of undisturbed and disturbed forest and in the disturbed forest. High diversity in LSE 5 could be attributed to various factors influencing the ecology of butterfly community. Presence of cattle dung that serves as salt reservoir for many butterfly species and restricted water source near human habitation in the dry period like summer appear to be the major factors responsible for this trend. Moreover, paddy flowering in early winter and presence of human cultivated flowering plants and fruit plants such as Mango (Mangifera indica), Jackfruit (Artocarpus integrifolia), Jamun (Eugenia jambolana), etc. acting as the nectar source also appears to influence the abundance and distribution patterns. As described earlier, LSE 5 is mixed habitats transect and as diverse niche are satisfied in this transect it shows high diversity of butterfly species (Ramos, 2000) . As compared to the stream bank transect covered with evergreen canopy (LSE 1), stream bank transect without canopy (LSE 3) showed less number of species and individuals as well as less species richness and diversity. However, the evenness was more in LSE 3, which could be attributed to butterfly species like Gram Blue, Blue Pansy and Common Grass Yellow, which dominated the fauna in LSE 1.
The similarity from qualitative data (Fig. 3A) shows two distinct clusters, first comprising of spring, late winter, summer and early winter and the second comprising of early and late monsoon. The first cluster shows decreasing similarity as the number of unique species in the given season increases (Table  1) . Fig. 3A also depicts that the monsoon butterflies are quite distinct from that of other seasons. Such seasonality is common among butterflies and has been attributed to availability of food plants, local migration and response to adverse conditions (Kunte, 1997 (Kunte, , 2000 . One of the reasons that govern the distinct butterfly fauna in monsoon could be the heavy rain in this region that averages between 5500 and 6500mm. According to Baguette and Schtickzelle (2003) , rainfall and temperature may affect butterfly distribution although the physiognomy of the habitat remains unchanged.
The qualitative trend of LSE wise dendrogram (Fig. 4A) shows decreasing similarity in the order LSE 4, LSE 1, LSE 2 and LSE 5, which is consistent with the increasing number of unique species in these LSE types (Table 4) . However, LSE 3 shows the least similarity when compared with other LSE types, for reasons unknown. It may be due to small number of individuals belonging to a few species as compared to those observed in other LSE types. Moreover, this trend is independent of the number of unique species, as no species was unique to this LSE type (Table 2 ).
The percent similarity or species overlap across the seasons is minimum 29% and maximum 78% when qualitative (presence or absence of species) data was considered. Whereas the values drop down to minimum 10% and maximum 53% when quantitative (presence or absence of species along with the number of individuals belonging to each species) data was considered. Similar trend was also observed for the similarity across the LSE types with minimum 47% and maximum 74% when qualitative data was considered and minimum 27% and maximum 56% when quantitative data was considered. As β diversity is low when percent similarity is high, the β diversity is lower if qualitative data is considered, while it is high when quantitative data is considered. As the quantitative dendrograms and qualitative dendrograms also show different trends, it follows that seasonal as well as LSE wise variation in β diversity is not only restricted to presence and absence of species but also their abundance.
Monitoring and mapping biodiversity is the first step in systematic conservation planning (Margules & Pressey, 2000) . Our study takes the initial stage of documenting biodiversity. We observed that butterfly diversity and abundance change along the seasonal gradient in each landscape type. This could be attributed to only a few factors such as rainfall, forest fires, floral composition of the area, salt and water sources, distribution of symbiotic or related animal species, etc. influencing the ecology of butterfly community. As dendrograms prepared by using qualitative and quantitative data revealed different trends (Figs. 3 & 4) it follows that seasonal and landscape wise variation is not only restricted to butterfly species composition but also in their abundance.
Out of a total of 50,000km 2 of primary forest in the Western Ghats, only 16% of primary forest cover exists today (Myers, 1990) . This loss of biological resources has resulted in recent consciousness towards conservation of biodiversity by forming a Western Ghats Biodiversity Network (Gadgil, 1996) . Being good indicators of climatic conditions as well as seasonal and ecological changes, butterflies can serve in formulating strategies for conservation (Kunte, 1997) . Humans seldom hunt butterflies, however, habitat destruction, degradation, fragmentation, grazing, forest fires and applications of pesticides and weedicides can affect butterfly populations (Kunte, 2000; Mennechez et al., 2003) .
A new state highway was recently constructed in the study area, which has lead to changes in land use pattern. More and more farmhouses are getting constructed. Tourism is also affecting the landscape. Deforestation, habitat destruction, degradation, fragmentation are thus common events that have occurred in the study area. This may affect butterfly diversity and distribution in this part of the Western Ghats. These types of changes are occurring at many palaces along the Western Ghats (Jha et al., 2000) . Therefore, our findings are important with respect to monitoring and defining conservation strategies as far as the biodiversity of Western Ghats is concerned. 
